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(54) TIRE

(57) A pneumatic tire (10) is provided with air cham-
bers which have recessed portions (221), and also with
constriction grooves which communicate with the air
chambers and a circumferential groove (21), and the air
chambers and the constriction grooves are formed in a
rib-shaped land portion of the tire. The depth (DP1) of a
recessed portion (221) measured from a land portion
(211) making contact with the road surface is deeper at
one end of the air chamber in the tire circumference di-
rection than the other end of the air chamber. The height

of the recessed portion (221) from the bottom surface
(222) thereof to the ground contact surface varies in the
circumferential direction of the tire. The volume of the
space formed by a constriction groove and the road sur-
face is less than the volume of the space of the air cham-
ber formed by the recessed portion (221) and the road
surface. The air chamber has a tapered shape in which
the width of the air chamber in the tread width direction
is reduced from the other end of the air chamber toward
said end of the air chamber.

FIG. 7
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a tire equipped
with a rib-shaped land portion adjacent to a circumferen-
tial groove which extends along a tire circumferential di-
rection, in particular, to a tire provided with a Helmholtz
type resonator which has an air chamber and a constric-
tion groove, on a rib-shaped land portion.

BACKGROUND ART

[0002] In passenger vehicles of recent years, the de-
mands for the reduction of tire noise have been increas-
ing more and more compared to the past along with the
improved reduction of vehicle noise (such as wind
sounds and mechanical sounds) and further considera-
tion of the environment.

[0003] From among the different types of tire noises,
in order to reduce the air column resonance resulting
from a space formed by the circumferential groove ex-
tending along the tire circumferential direction and the
road surface, known are tires provided with a Helmholtz
type resonator on the rib-shaped land portion extending
along the tire circumferential direction. These resonators
have an air chamber that forms a constant space by the
tread making contact with the road surface and a con-
striction groove that communicates to the air chamber
and the circumferential groove (for example, Patent Doc-
ument 1).

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0004]

Patent Document 1: JP-A-2008-179289 (pages 4 to
5, Fig. 3)

SUMMARY OF THE INVENTION

[0005] However, the following problems exist in the
conventional tires described above. That is, there easily
occurs a so-called "wedged stone" incident, i.e., a small
stone easily wedges itselfin the Helmholtz type resonator
provided on the rib-shaped land portion and especially
in the air chamber, thereby becoming a cause of increas-
es of tire noises. After all, in spite of having a tread pattern
that takes the reduction of the air column resonance into
consideration, there is still a problem of not being able
to effectively reduce the tire noise. Of course, if the size
of the air chamber is increased, the wedged stone will
be reduced although another problem occurs that does
not allow the air column resonance to be effectively re-
duced.

[0006] Thereupon, an object of the present invention
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is to provide a tire that inhibits the wedging of small stones
and effectively reduces the air column resonance when
Helmholtz type resonator is provided which has an air
chamber that forms a constant space by making contact
with the road surface and a constriction groove commu-
nicating to the air chamber and the circumferential
groove.

[0007] To solve the above problems, the present in-
vention has following features. First, a first feature of the
present invention is summarized as a tire (pneumatic tire
10) comprising arib-shaped land portion (rib-shaped land
portion210, for example) extending along a tire circum-
ferential direction (direction D1), which is adjacent to a
circumferential groove (circumferential groove 21, for ex-
ample) extending along the tire circumferential direction,
wherein an air chamber (chamber 220) having a re-
cessed portion (recessed portion 221) recessed toward
an inside in the tire radial direction and a constriction
groove (constriction groove 230) communicating to the
air chamber and the circumferential groove are provided
on the rib-shaped land portion, a depth (depth D1) of the
recessed portion where agrounding surface (land portion
211) on which the rib-shaped land portion grounds a road
surface as a reference is deeper at one end (end portion
220b) of the air chamber in the tire circumferential direc-
tion than at the other end (end portion 220a) of the air
chamber, a height from a bottom surface (bottom surface
222) of the recessed portion to the grounding surface
changes along the tire circumferential direction, a volume
of a space formed by the constriction groove and the road
surface is smaller than a volume of a space formed by
the recessed portion and the road surface, one end of
the constriction groove communicates to a closed spaced
formed by the air chamber and the road surface, and the
other end of the constriction groove communicates to the
circumferential groove, a depth (depth D2) of the con-
striction groove is deeper than a depth from the grounding
surface to the recessed portion, and the constriction
groove includes an extended portion (inner groove 232)
extending to one end of the air chamber.

[0008] A second feature of the present invention ac-
cording to the first feature is summarized as that the bot-
tom surface of the recessed portion comprises: a curved
portion (curved portion223) having a curved line shape,
in a cross-sectional view along the tire circumferential
direction; and a linear portion (linear portion 224) having
a linear shape, in a cross-sectional view along the tire
circumferential direction, the center (CT2) of a circular
arc along the curved portion is positioned closer to an
inside in the tire radial direction than the bottom surface,
the linear portion is formed at one end side of the air
chamber, and one end (end portion224a) of the linear
portion communicates to the curved portion, and the oth-
er end (end portion 224b) of the linear portion communi-
cates to the grounding surface.

[0009] A third feature of the present invention accord-
ing to the first or second feature is summarized as that
the constriction groove communicates to the other end
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of the air chamber in a tire circumferential direction.
[0010] Afourthfeature of the presentinvention accord-
ing to the first to third features is summarized as that the
extended portion is formed between the recessed portion
and the grounding surface.

[0011] Afifth feature of the presentinvention according
to the first to fourth features is summarized as that the
cross sectional area along a tread width direction and a
tire radial direction of the recessed portion is approxi-
mately the same as the area from one end to the other
end in the tire circumferential direction of the curved por-
tion.

[0012] A sixth feature of the present invention accord-
ing to the first to fifth features is summarized as that the
rib-shaped land portion comprises: afirstrib-shaped land
portion (rib-shaped land portion 210) in which a plurality
of the air chambers are arranged along the tire circum-
ferential direction; and a second rib-shaped land portion
(rib-shaped land portion 240) in which a plurality of the
air chambers are arranged along the tire circumferential
direction and which is positioned at a position different
from a position at which the first rib-shaped land portion
is positioned in a tread width direction, and a position, in
the tire circumferential direction, of the air chamber
(chamber 220) formed in the first rib-shaped land portion
differs from a position of the air chamber (chamber 250)
formed in the second rib-shaped land portion.

[0013] A seventh feature of the present invention ac-
cording to the sixth feature is summarized as that a po-
sition (end portion 223b) where the depth from the
grounding surface of the recessed portion formed in the
second rib-shaped land portion is deepest is approxi-
mately the same as a position (end portion 223a) where
the depth from the grounding surface of the recessed
portion formed in the first rib-shaped land portion is shal-
lowest in the tire circumferential direction.

[0014] An eighth feature of the present invention ac-
cording to the first to seventh features is summarized as
that the air chamber has a tapered shape in which a width
(width) in the tread width direction becomes narrower in
proportion to movement from the other end of the air
chamber toward one end thereof as viewed in a tread
plane.

[0015] According to the characteristics of the present
invention, it is possible to provide a tire that inhibits the
wedging of small stones and effectively reduces the air
column resonance when Helmholtz type resonator is pro-
vided which has an air chamber that forms a constant
space by making contact with the road surface and a
constriction groove communicating to the air chamber
and the circumferential groove.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

[Fig. 1]Fig. 1is a partial perspective view of the pneu-
matic tire 10 according to an embodiment of the
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present invention.

[Fig. 2] Fig. 2 is a partial front view of the pneumatic
tire 10 according to the embodiment of the present
invention.

[Fig. 3] Fig. 3 is a partial perspective view of the rib-
shaped land portion 110 according to the embodi-
ment of the present invention.

[Fig. 4] Fig. 4 is a partial perspective view of the rib-
shaped land portion 110 with omitting the portion of
the land portion 120A according to the embodiment
of the present invention.

[Fig. 5] Fig. 5 shows the shape of a Helmholtz type
resonator R1 as viewed in the tread width direction
according to the embodiment of the present inven-
tion.

[Fig. 6] Fig. 6 shows the shape of a Helmholtz type
resonator R1 viewed in a tread plane according to
the embodiment of the present invention.

[Fig. 7] Fig. 7 is a partial perspective view of the rib-
shaped land portion 210 and the rib-shaped land por-
tion 240 according to the embodiment of the present
invention.

[Fig. 8] Fig. 8 is the partial perspective view of the
rib-shaped land portion 210 and the rib-shaped land
portion 240 with omitting a part of rib-shaped land
portion 210 according to the embodiment of the
present invention.

[Fig. 9] Fig. 9 is an enlarged perspective view of the
air chamber 220 according to the embodiment of the
present invention.

[Fig. 10] Fig. 10 is a cross-sectional view of the air
chamber 220 along line F10-F10 shown in Fig. 9
according to the embodiment of the present inven-
tion.

[Fig. 11] Fig. 11 shows the shape of a HeImholtz type
resonator R2 viewed in the tread width direction of
the tread according to an embodiment of the present
invention.

[Fig. 12] Fig. 12 is a partial enlarged plane view of a
rib-shaped land portion 210 and a rib-shaped land
portion 240 according to an embodiment of the
present invention.

[Fig. 13] Fig. 13 shows an air chamber relating to a
modification of the present invention.

[Fig. 14] Fig. 14 shows an air chamber relating to
another modification of the present invention.

[Fig. 15] Fig. 15 shows an air chamber relating to yet
another modification of the present invention.

DESCRIPTION OF EMBODIMENTS

[0017] Next, embodiments of the tire according to the
present invention will be described referring to the draw-
ings. Specifically, a first embodiment, a second embod-
iment, modifications, and other embodiments will be de-
scribed.

[0018] In the following description of the drawings, the
same or like constituent elements are designated by the
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same or like reference numerals. However, it should be
kept in mind that the drawings are merely provided as
schematic ones, and that each of the ratios of dimensions
or the like is different from actual ones.

[0019] Therefore, specific dimensions or the like
should be determined in consideration of the following
description. In addition, it is a matter of course that,
among the drawings as well, units of which interrelation-
ships of dimensions or ratios are different from each other
are included.

(1) Overall tire outline composition

[0020] Fig. 1 is a partial perspective view of a pneu-
matic tire 10 relating to this embodiment. Fig. 2 is a partial
front view of the pneumatic tire 10.

[0021] A plurality of circumferential grooves are pro-
vided on the pneumatic tire 10. In addition, the pneumatic
tire 10 is provided with a plurality of rib-shaped land por-
tions divided by the circumferential grooves and extend-
ing along the tire circumferential direction (direction D1
of Fig. 1). The pneumatic tire 10 is a tire manufactured
taking into consideration of the reduction of tire noise
such as air column resonance and is installed on pas-
senger vehicles which require a high degree of quietness.
Furthermore, the pneumatic tire 10 can be filled up with
inert gas, such as nitrogen gas, instead of air.

[0022] More specifically, circumferential grooves 11,
12, 21, and 22 are provided on the pneumatic tire 10.
The circumferential grooves 11, 12, 21, and 22 extend
along the tire circumferential direction.

[0023] A rib-shaped land portion 110 is provided be-
tween the circumferential groove 11 and the circumfer-
ential groove 12. Namely, the rib-shaped land portion
110 is adjacent to the circumferential groove 11 and the
circumferential groove 12 and extends along the tire cir-
cumferential direction.

[0024] A rib-shaped land portion 210 is provided be-
tween the circumferential groove 12 and the circumfer-
ential groove 21. A rib-shaped land portion 240 is pro-
vided between the circumferential groove 21 and the cir-
cumferential groove 22. The rib-shaped land portion 210
and the rib-shaped land portion 240 as well as the rib-
shaped land portion 110 extend along the tire circumfer-
ential direction.

[0025] An air chamber 130A and an air chamber 130B
(refer to Fig. 2) in which a recessed portion recessed
toward the inside in the tire radial direction repeats along
the tire circumferential direction at predetermined pitches
are provided on the rib-shaped land portion 110.
[0026] A plurality of air chambers 220 (refer to Fig. 7
to Fig. 9) are provided on the rib-shaped land portion 210
along the tire circumferential direction. Similarly, a plu-
rality of air chambers 250 (refer to Fig. 7) are provided
on the rib-shaped land portion 240 along the tire circum-
ferential direction.
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(2) Shape of the rib-shaped land portion

[0027] Next, the shape of the rib-shaped land portion
will be described. More specifically, the shape of the rib-
shaped land portion 110 and the rib-shaped land portions
210 and 240 will be described.

(2. 1) Rib-shaped land portion 110

[0028] Fig. 3 is a partial perspective view of the rib-
shaped land portion 110. As shown in Fig. 3, the rib-
shaped land portion 110 has a land portion 120A, a land
portion 120B, and a land portion 140. The land portion
120A, the land portion 120B, and the land portion 140
are grounded with the road surface RS (not shown in Fig.
3, refer to Fig. 5), by means of the rolling motion of the
pneumatic tire 10. In other words, the land portion 120A,
the land portion 120B, and the land portion 140 configure
a grounding surface of the pneumatic tire 10 grounding
with the road surface RS.

[0029] The land portion 120A and the land portion
120B are provided on both ends in the tread width direc-
tion (direction D2 of Fig. 2) of the rib-shaped land portion
110. The land portion 120A is adjacent to the circumfer-
ential groove 11. The land portion 120B is adjacent to
circumferential groove 12.

[0030] The air chamber 130A and the air chamber
130B are provided on the rib-shaped land portion 110.
The air chamber 130A is provided between the land por-
tion 120A and the land portion 140. The recessed portion
131 is formed recessed toward the inside in the tire radial
direction in the air chamber 130A.

[0031] Fig. 4 is a partial perspective view of the rib-
shaped land portion 110 with omitting the portion of the
land portion 120A. As shown in Fig. 4, the recessed por-
tion 131 is repeated at pitches of P (predetermined pitch-
es) along the tire circumferential direction.

[0032] Although the air chamber 130A and the air
chamber 130B are provided on the same rib-shaped land
portion (rib-shaped land portion 110), the air chamber
130B is provided at a position different from the air cham-
ber 130A in the tread width direction (direction D2). More
specifically, the air chamber 130B is provided between
the land portion 120B and the land portion 140. The
shape of the air chamber 130B is identical to that of the
airchamber 130A. Namely, for the air chamber 130A and
the air chamber 130B, the recessed portion 131 is re-
peated at pitches of P. In the embodiment, the air cham-
ber 130A configures the first air chamber and the air
chamber 130B configures the second air chamber
[0033] Since the shapes of the air chamber 130A and
the air chamber 130B are identical, the shape of the air
chamber 130A will be mainly described hereinafter. As
shownin Fig. 4, the bottom surface 132 of the air chamber
130A is formed by repeating an arch shape forming a
circular arc in the cross sectional view along the tire cir-
cumferential direction. In other words, the height H from
the bottom surface 132 of the air chamber 130A up to
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the grounding surface (for example, the surface of the
land portion 120A grounded to the road surface RS)
changes along the tire circumferential direction. The
center CT1 of the circular arc of the bottom surface 132
is positioned on the further inner side of the tire radial
direction than the bottom surface 132.

[0034] The bottom surface 132 makes contact with the
road surface RS at the highest position 132a where the
height up to the grounding surface is highest. More spe-
cifically, the bottom surface 132 makes a line contact with
the road surface RS along a direction different from the
tire circumferential direction. In other words, the bottom
surface 132 has a shape such that the width along the
tire circumferential direction of the bottom surface 132
contact with the road surface RS becomes as narrow as
possible.

[0035] Although the shape of the bottom surface of the
air chamber 130B is identical to the shape of the bottom
surface 132, there is a half phase shift of the pitch P in
the tire circumferential direction between the highest po-
sition 132a of the bottom surface 132 of the air chamber
130A and the highest position 132a of the bottom surface
of the air chamber 130B.

[0036] A constriction groove 121 and a narrow groove
122 are formed in the land portion 120A. The constriction
groove 121 and the narrow groove 122 are narrow
grooves whose groove widths are approximately several
mm (millimeters). The constriction groove 121 commu-
nicates to the recessed portion 131. The volume of the
space formed by the constriction groove 121 and road
surface RS has a volume smaller than the space formed
by the recessed portion 131 and the road surface.
[0037] Fig. 5 and Fig. 6 show the shape of the Helm-
holtz type resonator R1 formed by the pneumatic tire 10
and road surface RS. More specifically, Fig. 5 shows the
shape of the Helmholtz type resonator R1 as viewed in
the tread width direction. Fig. 6 shows the shape of the
Helmholtz type resonator R1 viewed in a tread plane. As
shown in Fig. 5 and Fig. 6, the constriction groove 121
and the air chamber 130A that has the recessed portion
131 configure the Helmholtz type resonator R1.

[0038] Asdescribed above, although the height H from
the bottom surface 132 of the air chamber 130A up to
the grounding surface changes along the tire circumfer-
ential direction, a plurality of the highest positions 132a
make contact with the road surface RS repeatedly at eve-
ry pitch P. Because of this, an air chamber is formed to
communicate to the constriction groove 121. Namely, an
air chamber is formed for the Helmholtz type resonator
R1 by means of the bottom surface 132 between the two
highest positions 132a being adjacent to each other and
the road surface RS making contact with the land portion
120A and the land portion 140. Because a method to
reduce air column resonance using the Helmholtz type
resonator R1 is disclosed in the prior art documents men-
tioned in this specification, the description will be omitted
here.

[0039] As shownin Fig. 3, one end (end portion 121a)
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of the constriction groove 121 communicates to a closed
space formed by the air chamber 130A and the road sur-
face RS. More specifically, the end portion 121a commu-
nicates to a closed space formed by the recessed portion
131, the highest positions 132a formed at both ends in
the tire circumferential direction of the recessed portion
131, and the road surface RS.

[0040] On the other hand, the other end (end portion
121b) of the constriction groove 121 communicates to
the circumferential grooves 11. In this embodiment, the
end portion 121a communicates to the recessed portion
131 at the lowest position 132b where the position of the
bottom surface 132 is lowest. For this reason, the Helm-
holtz type resonator R1 opens at one end only and closes
at the other end.

[0041] The narrow groove 122 communicates to the
circumferential groove 11 only. In other words, the narrow
groove 122 is not communicated to the recessed portion
131. For this reason, the narrow groove 122 does not
serve as a component of the Helmholtz type resonator
R1.

(2. 2) Rib-shaped land portions 210 and 240

[0042] Fig. 7 is a partial perspective view of the rib-
shaped land portion 210 and the rib-shaped land portion
240. Fig. 8 is a partial perspective view of the rib-shaped
land portion 210 and the rib-shaped land portion 240 with
omitting a part of the rib-shaped land portion 210. As
shown in Fig. 7 and Fig. 8, the rib-shaped land portion
210 is provided with a land portion 211 grounded with
the road surface RS (refer to Fig. 11) and a plurality of
air chambers 220. The plurality of air chambers 220 are
provided along the tire circumferential direction. The rib-
shaped land portion 240 is provided with a land portion
241 which has an identical shape of the land portion 211
and an air chamber 250 which has an identical shape of
the air chamber 220. The rib-shaped land portion 240 is
arranged at the different position from the rib-shaped land
portion 210 in the tread width direction. In the embodi-
ment, the rib-shaped land portion 210 configures a first
rib-shaped land portion and the rib-shaped land portion
240 configures a second rib-shaped land portion.
[0043] Since the shapes of the air chambers 220 and
the air chambers 250 are identical, in the following, a
description of the shape of the air chamber 220 will be
mainly described. Fig. 9 is an enlarged perspective view
of the air chamber 220. Fig. 10 is the cross-sectional view
of the air chamber 220 along line F10-F10 shown in Fig.
9. As shown in Fig. 9 and Fig. 10, the air chamber 220
has a recessed portion 221 recessed toward the inside
in the tire radial direction.

[0044] The depth DP1 of the recessed portion 221
based on the grounding surface where the land portion
211 is grounded with the road surface (surface of the
land portion 211 grounded to the road surface RS), is
deeper at one end (the end portion 220b referred to Fig.
7 and Fig. 8) of the air chamber 220 in the tire circumfer-
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ential direction than at the other end (the end portion
220areferred to Fig. 7 and Fig. 8) of the air chamber 220.
The height from the bottom surface 222 of the recessed
portion 221 up to the grounding surface changes along
the tire circumferential direction.

[0045] The bottom surface 222 of the recessed portion
221 has a curved portion 228 in a curved line shape in
the cross-sectional view along the tire circumferential di-
rection. The center CT2 of the circular arc along the
curved portion 223 is positioned on the further inner side
in the tire radial direction than the bottom surface 222.
The curved portion 223 can also be configured by a plu-
rality of circular arcs. For this case, the center CT2 is
taken as the center of one circular arc approximated to
the curve formed by the plurality of circular arcs.

[0046] The bottom surface 222 has a linear portion 224
that has a linear shape in the cross sectional view along
the tire circumferential direction. The linear portion 224
is formed on the end portion 220b (refer to Fig. 7 and Fig.
8) side of the air chamber 220. One end of the linear
portion 224 (end portion 224a) connects to the end por-
tion 223b of the curved portion 223 while the other end
of the linear portion 224 (end portion 224b) connects to
the grounding surface where the land portion 211
grounds with the road surface.

[0047] The constriction groove 230 communicates to
the air chamber 220. More specifically, the constriction
groove 230 communicates to the end portion 220a of the
air chamber 220 in the tire circumferential direction. In
other words, the constriction groove 230 communicates
to a closed space formed by the air chamber 220 and
the road surface RS. Moreover, the constriction groove
230 communicates to the circumferential groove 21. The
volume of the space formed by the constriction groove
230 and a road surface is smaller than the volume of
space formed by the recessed portion 221 and a road
surface.

[0048] The constriction groove 230 is configured by an
outer groove 231 and an inner groove 232. The outer
groove 231 communicates to the circumferential groove
21, and extends to the end portion 220a of the air cham-
ber220. Theinner groove 232 communicates to the outer
groove 231, extends to the end portion 220b of the air
chamber 220, and more specifically extends up to the
side of the linear portion 224. In this embodiment, the
inner groove 232 configures an extended portion. The
inner groove 232 is formed between the recessed portion
221 and the grounding surface where the land portion
211 is grounded with the road surface.

[0049] As shown in Fig. 10, the constriction groove
230, more specifically, the depth DP2 of the inner groove
232 is deeper than the depth DP1 of the recessed portion
221 from the grounding surface where the land portion
211 is grounded with the road surface.

[0050] Fig. 11 shows the shape of a Helmholtz type
resonator R2 formed by the pneumatic tire 10 and the
road surface RS. More specifically, Fig. 11 shows the
shape of the Helmholtz type resonator R2 as viewed in
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the tread width direction. The region enclosed by the al-
ternating long and short dashed lines of Fig. 12 shows
the shape of the Helmholtz type resonator R2 as viewed
in a tread plane.

[0051] AsshowninFig. 11, the constriction groove 230
configured by the air chamber 220 that has the recessed
portion 221, the outer groove 231, and inner groove 232
configures the Helmholtz type resonator R2. In like man-
ner to the Helmholtz type resonator R1, the Helmholtz
type resonator R2 only opens at one end and closes at
the other end.

[0052] Fig. 12 is a partial enlarged plan view of the rib-
shaped land portion 210 and the rib-shaped land portion
240. As shown in Fig. 12, the air chamber 220 has a
tapered shape in which the width W in the tread width
direction becomes narrower in proportion to movement
from the end portion 220a of the air chamber 220 toward
the end portion 220b as viewed in a tread plane.

[0053] The cross-sectional area S (refer to Fig. 10)
along the tread width direction (direction D2) of the re-
cessed portion 221 and the tire radial direction (direction
D3 in the figure) is almost the same from one end (end
portion 223a) in the tire circumferential direction of the
curved portion 223 to the other end (end portion 223b).
[0054] In this embodiment, as shown in Fig. 12, the
position in the tire circumferential direction of the air
chamber 220 formed on the rib-shaped land portion 210
differs from the position of the air chamber 250 formed
on the rib-shaped land portion 240. More specifically, the
position (end portion 223b) with a deepest depth from
the grounding surface (land portion 241) of the recessed
portion formed on the rib-shaped land portion 240 is al-
most the same as the position with the shallowest depth
(end portion 223a) from the grounding surface (land por-
tion 211) of the recessed portion 221 formed on the rib-
shaped land portion 210 in the tire circumferential direc-
tion.

(3) Operation and Effect

[0055] According to the pneumatic tire 10, the height
H from the bottom surface 132 of the air chamber 130A
(130B) up to grounding surface where the land portion
120A (120B) grounds with road surface RS changes
along the tire circumferential direction. In other words,
since the depth from the grounding surface of the air
chamber 130A changes along the tire circumferential di-
rection, wedged small stones will be moved in the tire
circumferential direction along with the rolling motion of
the pneumatic tire 10 even if a small stone becomes
wedged by the air chamber 130A, making them easier
to separate from the air chamber 130A. As a result, the
occurrence of the so-called "wedged stone" can be in-
hibited.

[0056] By means of the constriction groove 121 and
the air chamber 130A, or more specifically, since the
Helmholtz type resonators R1 and R2 are configured to
correspond to the frequency band of which sound will be
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absorbed, formed by the constriction groove 121 and an
air chamber which is formed by contacting a plurality of
the highest positions 132a with the road surface RS re-
peatedly at every pitch P, it possible to effectively reduce
the air column resonance caused by the circumferential
groove 11.

[0057] In this embodiment, the bottom surface 132 of
the air chamber 130A makes a line contact with the road
surface RS along a direction different from the tire cir-
cumferential direction. For this reason, the space of the
air chamber 130A is easily enlarged thereby making it
possible to easily configure a Helmholtz type resonator
corresponding to the frequency band to be absorbed.
[0058] In this embodiment, the end portion 121a of the
constriction groove 121 communicates to the recessed
portion 131 at the lowest position 132b of the bottom
surface 132. For this reason, even after the pneumatic
tire 10 wears out a fixed amount, the function of a Helm-
holtz type resonator can be maintained.

[0059] In this embodiment, the bottom surface 132 of
the air chamber 130A is formed by repeating an arch
shape. The center of the circular arc that forms an arch
shape is positioned on the further inner side of the tire
radial direction than the bottom surface 132. For this rea-
son, the function of the Helmholtz type resonator can be
ensured while more effectively inhibiting the wedged
stone.

[0060] In this embodiment, the highest position 132a
of the bottom surface 132 of the air chamber 130A and
the highest position 132a of the bottom surface of the air
chamber 130B have a half phase shift of the pitch P in
the tire circumferential direction. For this reason, the ri-
gidity of the tread portions of the pneumatic tire 10
grounded to the road surface RS is almost uniform in the
tire circumferential direction.

[0061] According to the pneumatic tire 10, the depth
DP1 of the recessed portion 221 of the air chamber 220
is deeper than the end portion 220a of the air chamber
220 at the end portion 220b of the air chamber 220. In
addition, the bottom surface 222 of the recessed portion
221 has the curved portion 223. Namely, since small
stones wedged in the air chamber 220 are supported in
general at three points of the curved portion 223 and both
side surfaces (land portion 211) of the recessed portion
221, itis easy to separate small stones from the air cham-
ber 220 compared to when the bottom surface 222 is a
flat surface. As a result, the occurrence of the "wedged
stone" can be inhibited.

[0062] Furthermore, since the Helmholtz type resona-
tor corresponding to the frequency band whose sound
will be absorbed is configured by the constriction groove
230 and the air chamber 220, air column resonance
caused by the circumferential groove 21 can be effec-
tively reduced.

[0063] In this embodiment, the bottom surface 222 of
the recessed portion 221 has the linear portion 224 com-
municating to the curved portion 223 and the grounding
surface. For this reason, if a wedged small stone causes
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movement along with rolling motion of the pneumatic tire
10, the small stone is easy to separate from the air cham-
ber 220 through the linear shape portion 224 communi-
cating to the curved portion 223.

[0064] The constriction groove 230 communicates to
the end portion 220a of the air chamber 220. The con-
striction groove 230 is also deeper than depth DP1 of the
recessed portion 221 and has an inner groove 232 that
extends to the end portion 220b of the air chamber 220.
The inner groove 232 is formed between the recessed
portion 221 and the land portion 211 (grounding surface).
For this reason, even after the pneumatic tire 10 wears
out a fixed amount, the function of a Helmholtz type res-
onator can be maintained.

[0065] Inthis embodiment, the cross-section area S is
almost the same from the end portion 223a of the curved
portion 223 to the end portion 223b. The deepest position
(end portion 223b) from the grounding surface formed
on the rib-shaped land portion 240 is almost the same
as the shallowest position (end portion 223a) from the
grounding surface of the recessed portion 221 formed
on the rib-shaped land portion 210 in the tire circumfer-
ential direction. For this reason, the rigidity of the tread
portion of the pneumatic tire 10 grounded to the road
surface is almost uniform in the tire circumferential direc-
tion.

(4) Other embodiments

[0066] As described previously, while the contents of
the present invention are disclosed through the embod-
iments of the present invention, it should not be under-
stood that the discussion and drawings which form a part
of this disclosure limit the present invention. From this
disclosure, a variety of alternative embodiments, exam-
ples, and operational techniques would become self-ev-
ident to one skilled in the art. For example, the embodi-
ment of the present invention can be modified as follows.
[0067] Fig. 13 (a) and (b) correspond to Fig. 3 and Fig.
4 of the embodiment described above, respectively. More
specifically, Fig. 13 (a) and (b) show air chambers relating
to a modification of the present invention. As shown in
Fig. 13 (a) and (b), the bottom surfaces of air chambers
130C and 130D are in the shape of a sine wave in the
cross sectional view along the tire circumferential direc-
tion. In like manner to the air chamber 130A and the air
chamber 130B described above, the highest position
132a of the bottom surface of the air chamber 130C and
the highest position 132a of the bottom surface of the air
chamber 130B have an almost half phase shift of pitch
P in the tire circumferential direction.

[0068] When the shape of the bottom surface is a sine
wave in this manner, the groove volume (negative ratio)
of the tread portion of the pneumatic tire 10 grounded to
the road surface is more uniformin the tire circumferential
direction.

[0069] Fig. 14 (a) and (b) show air chambers relating
to another modification of the present invention. In the
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cross-sectional view along the tire circumferential direc-
tion, the bottom surface of air chambers 130E and 130F
have a mountain shape (triangle). The arrangement re-
lationship of the highest position 132a is the same as that
of the embodiment described above.

[0070] Fig. 15 (a) and (b) show air chambers relating
to yet another modification of the present invention. The
bottom surface of air chambers 130G and 130H is the
same as that of the air chamber 130A and the air chamber
130B described above in having an arch shape that forms
a circular arc in the cross-sectional view along the tire
circumferential direction. However, the center of the cir-
cular arc forming the bottom surface of an air chamber
in the air chambers 130G and 130H is notin the tire radial
direction inner side but in the tire radial direction outer
side away from the bottom surface. In other words, the
bottom surfaces of the air chambers 130G and 130H
have an inverted arch shape as compared with those of
the air chamber 130A and the air chamber 130B. The
arrangement relationship of the highest positions 132a
is the same as that of the embodiment described above.
[0071] Otherthanthese types of modifications, the bot-
tom surface of an air chamber can have a shape such
as a staggered shape, a stair-like shape, and a combi-
nation of straight lines and circular arcs.

[0072] In the embodiment described above, the posi-
tion in the tire circumferential direction of the air chamber
130A and the air chamber 130B and the positional rela-
tionship in the tire circumferential direction of the air
chamber 220 and the air chamber 250, do not agree to
have a uniform rigidity of the tread portion of the pneu-
matic tire 10 in a tire circumferential direction. Therefore,
it is not always necessary to have such a positional re-
lationship.

[0073] In the above-described embodiment, the con-
striction groove 230 includes the inner groove 232 that
inks to the end portion 220a of the air chamber 220 and
extends to the end portion 220b; however, the constric-
tion groove 230 may not always include such a shape.
For example, the constriction groove 230 may commu-
nicate to the center portion of the air chamber 220. Like-
wise, the end portion 121a of the constriction groove 121
may not always communicate to the recessed portion
131 at the lowest position 132b of the bottom surface 132.
[0074] In the above-described embodiment, the nar-
row groove 121 is formed in the land portion 120A; how-
ever, the narrow groove 122 may not be formed. In the
above-described embodiment, the air chamber 130A and
the air chamber 130B are arranged in the same rib-
shaped land portion; however, the both air chambers may
be arranged in individual rib-shaped land portions re-
spectively.

[0075] In the embodiment described above, although
the circumferential grooves 11, 12, 21, and 22 are ex-
tended in a linear shape along the tire circumferential
direction, as long as the circumferential grooves extend
along the tire circumferential direction, there is no limita-
tion on a linear shape and a staggered shape or a cor-
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rugated shape can also be used.

[0076] Thus, itis needless to say that various embod-
iments which not been disclosed here are also included
in the present invention. Therefore, the technical scope
of the presentinvention is only stipulated by the invention
characteristics relating to the appropriate claims from
above-mentioned description.

[0077] Itis noted that the entire contents of Japanese
Patent Application No. 2009-124615 (filed on May 22,
2009) are hereby incorporated in the present specifica-
tion by reference.

INDUSTRIAL APPLICABILITY

[0078] Thus, the tire according to the present inven-
tion, when including an air chamber that forms a constant
space by making contact with the road surface and a
Helmholtz type resonator including an air chamber and
a constriction groove communicating to the circumferen-
tial groove, it can inhibit the wedging of small stones and
effectively reduce the air column resonance. Therefore,
the present invention is useful in the field of manufactur-
ing a tire.

REFERENCE NUMERAL

[0079] 10---pneumatic tire, 11,12,21,22---circumferen-
tial grooves, 110---rib-shaped land portion, 120A,
120B--land portion, 121-:-constriction groove, 121a,
121b--:end portion, 122---narrow groove, 130A-
130H---air chambers, 131---recessed portion, 132---bot-
tom surface, 132a---highest portion, 132b---lowest por-
tion, 140---land portion, 210---rib-shaped land portion,
211-land portion, 220-:-air chamber, 240 ---rib-shaped
land portion, 220a,220b---end portions, 221---recessed
portion, 222--- bottom surface, 223---curved portion,
224---linear portion, 223a,223b,224a,224--- end portions,
230---constriction groove, 231---outer groove, 232---inner
groove, 241 ... land portion, 250---air chamber, CT1,
CT2---center, DP1,DP2---depths, H--- height, P---pitch,
R1,R2---Helmholtz type resonators, RS---road surface,
S---cross sectional area, W---width

Claims

1. Atire comprising arib-shaped land portion extending
along a tire circumferential direction, which is adja-
cent to a circumferential groove extending along the
tire circumferential direction, wherein
an air chamber having a recessed portion recessed
toward aninside in the tire radial direction and a con-
striction groove communicating to the air chamber
and the circumferential groove are provided on the
rib-shaped land portion,

a depth of the recessed portion where a grounding
surface on which the rib-shaped land portion
grounds a road surface as a reference is deeper at
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one end of the air chamber in the tire circumferential
direction than at the other end of the air chamber,
a height from a bottom surface of the recessed por-
tion to the grounding surface changes along the tire
circumferential direction,

a volume of a space formed by the constriction
groove and the road surface is smaller than a volume
of a space formed by the recessed portion and the
road surface,

one end of the constriction groove communicates to
a closed spaced formed by the air chamber and the
road surface, and the other end of the constriction
groove communicates to the circumferential groove,
a depth of the constriction groove is deeper than a
depth from the grounding surface to the recessed
portion, and

the constriction groove includes an extended portion
extending to one end of the air chamber.

The tire according to claim 1, wherein
the bottom surface of the recessed portion compris-
es:

a curved portion having a curved line shape, in
a cross-sectional view along the tire circumfer-
ential direction; and

alinear portion having a linear shape, in a cross-
sectional view along the tire circumferential di-
rection,

the center of a circular arc along the curved por-
tion is positioned closer to an inside in the tire
radial direction than the bottom surface,

the linear portion is formed at one end side of
the air chamber, and

one end of the linear portion communicates to
the curved portion, and the otherend of the linear
portion communicates to the grounding surface.

The tire according to claim 1 or 2, wherein the con-
striction groove communicates to the other end of
the air chamber in a tire circumferential direction.

The tire according to any one of claims 1 to 3, wherein
the extended portion is formed between the re-
cessed portion and the grounding surface.

Thetire accordingto any one of claims 1to 4, wherein
the cross sectional area along a tread width direction
and a tire radial direction of the recessed portion is
approximately the same as the area from one end
to the other end in the tire circumferential direction
of the curved portion.

The tire according to any one of claims 1to 5, wherein
the rib-shaped land portion comprises:

afirst rib-shaped land portion in which a plurality
of the air chambers are arranged along the tire
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circumferential direction; and

a second rib-shaped land portion in which a plu-
rality of the air chambers are arranged along the
tire circumferential direction and which is posi-
tioned at a position different from a position at
which the first rib-shaped land portion is posi-
tioned in a tread width direction, and

a position, in the tire circumferential direction, of
the air chamber formed in the first rib-shaped
land portion differs from a position of the air
chamber formed in the second rib-shaped land
portion.

The tire according to claim 6, wherein

the position where the depth from the grounding sur-
face of the recessed portion formed in the second
rib-shaped land portion is deepest is approximately
the same as the position where the depth from the
grounding surface of the recessed portion formed in
the first rib-shaped land portion is shallowest in the
tire circumferential direction.

Thetire accordingto any one of claims 1to 7, wherein
the air chamber has a tapered shape in which the
width in the tread width direction becomes narrower
in proportion to movement from the other end of the
air chamber toward one end thereof as viewed in a
tread plane.



FIG. 1

10
240 210 110 /(

29 | 21 12 { 11




FIG. 2

z#
(]
o
AT RuRRR|
W A Y O N W W \ \
\ A // \ //

)

) AN,

S 2 W A W W =
ﬁ/.\l/ﬁﬂl., : Y : A\ E AY N <

o Q/(\)__ﬁ LN N N N N N N N =
..n....../.!l!\\\li . 4

I e —————

m!nﬁ\\w}_ﬁﬂmﬂmjﬂﬂﬂﬂm/ﬂ/aﬂ/}}/jaﬂﬂm,

LY










EP 2 433 815 A1

FIG. 5

Tz & A

14



EP 2 433 815 A1

FIG. 6

VN LN N N\ \

37 N , N\ / o
[ — L — o= e N +F

ST\ R N N N\ /v

15






FIG. 8




EP 2 433 815 A1

FIG. 9
20 211 221 21
231 232
) ~
\ . '\“||I||
um\‘"" « iy
"-lmr.‘
T
// 224b
223 223h/ 224a
/
/
/
/
/
/7““
\
‘¥(/CT2
FIG. 10
2@1 I
?\(_// f{f{fif{f-‘fffffif\2 _DP1
/ RN AR
DP2~~ / /
/
T/ /
/

232 (‘L }tm

18



EP 2 433 815 A1

FIG. 11

19



223b~_

EP 2 433 815 A1

FIG. 12

210

~o
e N
[ )

| -223a

220D

W

— 220
—220a

20



FIG. 13

130C

130C



FIG. 14

130E

130E



130G

130G



EP 2 433 815 A1

International application No.
PCT/JP2009/006324

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

B60C11/00(2006.01)i, B60CI11/04(2006.01)i, B60CI1I1/13(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60C11/00, B60C11/04, B60C11/13

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-199%6
Kokai Jitsuyo Shinan Koho 1971-2010

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2010
1994-2010

Flectronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2008-155798 A (Bridgestone Corp.), 1
A 10 July 2008 (10.07.2008), 2-8

claim 1; paragraphs [0006], [0029], [0034];
fig. 1
(Family: none)
A WO 2007/114430 Al (Bridgestone Corp.), 1-8
11 October 2007 (11.10.2007),
entire text
& US 2009/0165908 A & EP 2011671 Al
& KR 10-2008-0113036 A & CN 101454168 A
A JP 2005-161921 A (Bridgestone Corp.), 1-8
23 June 2005 (23.06.2005),
entire text
(Family: none)

Further documents are listed in the continuation of Box C.

x]

E’ See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“pP”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“g”

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

06 January, 2010 (06.01.10) 19 January, 2010 (19.01.10)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

24




EP 2 433 815 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/006324

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

1-8

A

Jp 2007-237816 A (Bridgestone Corp.),
20 September 2007 (20.09.2007),

entire text
& CN 101032917 A

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

25




EP 2 433 815 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2008179289 A [0004] « JP 2009124615 A [0077]

26



	bibliography
	description
	claims
	drawings
	search report

